Objective: Current advice for patients being discharged from hospital suggests a body mass index of 18.5 to 24 kgm À2 , although this aspirational target may often not be achieved. We examined the relationship between body mass index on discharge from hospital and subsequent mortality over a maximum follow-up of 3.8 years. Design: We conducted a survival analysis using linked hospital records data with national hospital episode statistics and national death certification data. Participants & Setting: The analysis included adult patients who were admitted to University Hospitals Birmingham NHS Foundation Trust for a period of over 24 h during 2011, excluding day cases and regular day case attenders. Main outcome measures: The relationship between body mass index and mortality at medium term was estimated separately in both men and women, after accounting for case-mix. Results: For both males and females, the relationship between body mass index at discharge and the loge hazard of death was strongly non-linear (p ¼ 0.0002 for females and p < 0.0001 for males) and predictive (both p < 0.0001). In all models, the optimal body mass index range associated with best survival was 25 to 35 kgm À2 , with a sharp increase in risk for lower body mass index. Conclusions: There was little evidence to support current aspirational body mass index targets in the discharge population. Hospitals should ensure adequate nutrition especially among those with a reduced body mass index.
Introduction
The evidence that being overweight or obese predict poor health outcomes such as diabetes is strong, 1 yet the relationship between mortality risk and body mass index (BMI, defined as weight in kilograms divided by height in metres squared) remains controversial. With an estimated 1.5 billion overweight or obese adults worldwide, this has substantial clinical and public health implications.
In a recent systematic review of 2.9 million people which adjusted for smoking status and chronic illness, only severely obese individuals (BMI > 35) were at increased risk of death from any cause compared to those with a BMI in the normal range (BMI 18-25) and overweight individuals (BMI 25-30) were at lower risk of death. 2 By contrast, population-based studies of healthy adult non-smokers in middle age have shown a strong relationship between being overweight or obese and increased mortality, in both Western and non-Western populations. 3, 4 Smoking, chronic illness and increasing age are important modifiers of the relationship between BMI and mortality and this is compounded by variation in BMI-based weight categorisation, selection of different reference categories and the duration of study followup. In specific groups such as the elderly, BMI may be poorly discriminatory because the distribution of adipose tissue changes with increasing age. 5 Patients on discharge from hospital are a population for whom there is an opportunity to provide advice on nutrition and calorie intake. In the UK, patients at discharge from hospital are normally recommended to maintain a BMI between 20 kgm À2 and 30 kgm À2 , 6 although the evidence base for this recommendation is unclear. For patients being discharged from hospital, the benefits of attaining a BMI value within the normal range may be negligible because these patients have comparatively high rates of smoking and chronic illness relative to the general population. In this study, we examined the relationship between BMI and mortality among patients discharged alive, using a unique holding of linked hospital and national records in order to inform clinical practice and guidance to patients.
Methods

Patients
University Hospital Birmingham NHS Foundation Trust (UHB) is a leading university teaching hospital and is one of the most consistently high-performing trusts in the NHS. 7 UHB captures and holds a large amount of clinical data on its patients in a variety of different systems electronically. Through linking these datasets together, we can build a detailed description of patient status and assess and evaluate outcomes. For a number of years, UHB has held linked electronic data records on all patients treated in the hospital trust, a holding which includes prescribing, clinical observations, assessments, laboratory results, long-term outcome, demographics and admission history. We included patients admitted to UHB for a period of over 24 h during 2011, excluding day cases, regular day-case attenders and patients aged less than 18 years. For patients who were admitted more than once in 2011, only the first admission was retained for analysis.
Data sources
We accessed linked data from patients discharged alive from UHB, including: BMI; diagnosis, 8 optimally grouped into disease areas based upon the Summary Hospital-level Mortality Indicator (SHMI) groupings 9 and further clinical advice; age; sex; ethnicity; deprivation score (Index of Multiple Deprivation, IMD); 10 admission source; admission urgency; number of urgent admissions and total number of complex admissions in five years prior to index admission; number of different drugs prescribed in inpatient spell; whether antibiotics were prescribed; whether intravenous drugs were given; whether immunosuppressant drugs were given; current smoking status; values for sodium, albumin, urea, white cell count, platelets, estimated glomerular filtration rate (eGFR); death indicator; and date of death after discharge. Information on death was retrieved from the Office for National Statistics mortality database.
Statistical analysis
We developed multivariable prognostic Cox proportional hazards models, 11 examining the relationship between BMI at discharge and survival, accounting for case-mix. The candidate explanatory variables listed above were identified as a result of having a known impact on patient outcomes. Their initial inclusion was the product of considerable thought and discussion among the co-authors. The final model was then further reduced using backwards elimination. Continuous predictors were included into the model using restricted cubic splines to allow for non-linear effects where these substantially improved model fit. 12 Comparisons between models were made using the Akaike's Information Criterion. 13 We tested for departures from the Cox model's proportional hazards assumption by including interactions between a function of time and the covariates. Several functions of time were considered: a linear function, log e () and step functions of time. We also examined residual plots of the main models.
A number of the items included as candidate explanatory variables were not fully observed. In particular, the blood test results were likely to be missing not at random as doctors tend to request a blood test when they judge that the test value would be abnormal. White and Carlin 14 have clearly showed via a simulation study that the regression coefficient estimates from a complete records analysis have negligible bias if, conditional on the model's predictors, the missing data process does not depend on the outcome. We believe that this conditional independence assumption is likely to hold in our analysis. In other words, we expect that after adjusting for the model's covariates (patient's diagnosis, admission urgency and source, etc.) the probability for a patient of not getting a blood test is not related to his or her own survival time. We therefore undertook a complete case analysis and carried out sensitivity analyses to examine the robustness of our assumptions.
The principal analysis included all the patients who met the inclusion/exclusion criteria. Further sub-analyses were conducted in patients with cardiovascular or oncological diagnoses, which were identified using ICD10 diagnostic coding. In addition, since there were no censored observations before two years post discharge, a supportive analysis was carried out using a logistic model with the two-year mortality indicator as the response variable.
All statistical analyses were performed using Stata 13 (StataCorp LP, College Station, TX, USA) and SAS 9.4 (SAS Institute; Cary, NC, USA). The study was registered with the Audit Department of UHB.
Results
We identified a total of 19,528 adult patients who were admitted to UHB for at least 24 h during 2011 and who were discharged alive. Around 19% of these patients had more than one admission in 2011. Table 1 reports summary statistics by gender for the overall data and for the subset of records with complete information on the variables included in the analysis. There were 7.3% of admissions with missing values for BMI, 3.2% for IMD, 3% observations had no information on diagnosis and 7.8% had none of the targeted reported laboratory test results. Overall, around 30% of patients had incomplete data and were not included in the main analysis.
Patients accrued a median 3.1 years (minimum 1 day, maximum 3.8 years) follow-up to either death or censorship. There were 4235 (21.7%) deaths post discharge, and 1011 (5.2%) died during the first 90 days post discharge. The final statistical model was fitted separately for men and women and included BMI, indicators of the clinical diagnostic categories; age; smoking status; log e (1 þ number of urgent admissions in last five years); log e (1 þ total number of complex admissions during the last five years); minimum albumin; peak urea; peak white blood cell count; peak sodium; minimum platelet count; indicators for the four-category eGFR (<30, 30-59, 60-89, 90þ); Index of Multiple Deprivation; whether immunosuppressants were prescribed; whether the admission was via A&E; main effects and interaction between whether admission was an emergency and whether intravenous drugs were given; and time-varying effects as interactions with log e (time) for emergency, age, minimum albumin, peak urea, peak white blood cell count, peak sodium, minimum platelet count, eGFR indicators and log e (1 þ number of urgent admissions in last five years). Owing to Table 1 . Summary statistics for the full data and for the subset of records with complete information on the variables included in the analysis.
Full dataset
Complete records substantial improvement in the model fit the main effects of BMI, age, albumin, urea, sodium, white blood cell count, platelets and IMD were included in the model using restricted cubic splines with four degrees of freedom for BMI and three for the other variables. Internal knots were placed at the quartiles for BMI and at the 33th and 67th centiles for the other covariates. In addition, boundary knots were placed at the extreme values of the covariate. For both men and women, the relationship between BMI at discharge and the log e hazard of death was strongly non-linear (p ¼ 0.0002 for women and p < 0.0001 for men) and predictive (both p < 0.0001). No evidence was found for a time-varying effect of BMI (p ¼ 0.4 for both men and women). Figure 1 shows the estimated genderspecific hazard ratio curves and 95% CIs for BMI. The reference BMI value was set to 25 in order to illustrate the effects of being considered overweight. For both genders, the hazard ratio steeply decreases for BMIs up to 25 and then levels off, although the curve below a BMI of 20 kgm À2 for men is much steeper than the corresponding curve for women. For women, the best fit hazard ratio curve begins to increase gently above a BMI of about 40 kgm À2 while the corresponding curve for men continues to fall over all values of BMI over 25 kgm À2 .
The analysis was then repeated separately for younger (age < 65 years) and older (age ! 65 years) patients to evaluate whether there might be a differential effect of BMI on mortality by age group. No evidence was found of an interaction between BMI and age group.
In order to include into the analysis as many patients as possible we carried out a further sensitivity analysis where we used the blood test indicators (i.e. whether the patient had the blood test or not) instead of the observed blood test values. This allowed us to include 3848 additional records: 2028 for men and 1820 for women. Figure 2 compares the hazard ratios for BMI and their 95% CIs obtained from the models with either the blood test results or the blood test indicators. The two modelling strategies provided similar results.
For patients with a cancer-related admission, the model provided no evidence of increased risk, with BMI over 25 kgm À2 being on average protective and lower BMI being associated with a poor outcome ( Figure 3 ). For patients with a cardiovascular-related admission, there was no evidence of increased risk associated with BMI > 25 kgm À2 and the curve only recrossed 1 at a BMI of about 40 kgm À2 . Patients with a BMI < 25 kgm À2 were at markedly increasing risk of death (Figure 3 ). 
Conclusions
There is little evidence from our study to support current aspirational BMI targets for patients being discharged from hospital. Lower BMI on discharge is associated with a substantially increased hazard of death. For all patients, and for the subgroup with a diagnosis of cancer, there is no evidence of an increased risk of death at higher BMI on discharge, although there is increasing uncertainty at higher BMI levels. For cardiovascular disease, we observed a small increase in the risk of death with higher BMI values, although this did not become apparent until above about 40 kgm À2 and was not statistically convincing. Our study suggests that the current advice for patients discharged from an acute hospital should be updated as, contrary to the current national BAPEN guidance, 6 optimal BMI for patients across all disease groups and for specific disease cohorts is higher than currently advocated.
Across all disease cohorts, a J-shaped relationship was observed between BMI and the relative hazard of death, indicating that higher BMI values did not pose any greater hazard of death compared to current perceived optimal BMI values. Even for cardiac disease groups, there was only a slight and uncertain elevation of risk above 25 kgm À2 with increasing BMI. Our work replicates the findings for patients with coronary artery disease and importantly extends the findings from Romero-Corral et al. 15 from patients with coronary artery disease to all patients admitted to hospital, representing about 15.5 million admissions per year in England in 2013-2014. 16 Most studies of the relationship between BMI and mortality have focused on the general population and emphasised the role of smoking and chronic illness as potential sources of bias. 2, 3 This has led some authors to exclude patients with these characteristics from their analyses to demonstrate a strong association between overweight, BMI and mortality, 17 and these findings have been generalised to the whole population as the basis for nutritional guidance.
Compared to the general population, patients in our study were older (median age 60 years versus 40 years for the UK population) and less overweight with a median BMI of 26. Study participants often Figure 2 . Gender-specific hazard ratio curves and 95% confidence intervals for BMI (reference BMI value ¼ 25) obtained from the models with either the blood test results or the blood test indicators. had multiple morbidities, demonstrated by the frequency of complex hospital admissions in the prior five years. About one-quarter of patients died during follow-up. Population-based estimates of the mortality risk associated with being overweight and obese are unlikely to be generalisable to patients in hospital for whom achieving a BMI target within the normal range may confer little benefit. The protective effect of overweight and obesity in patients admitted to hospital may reflect the benefits of higher metabolic reserves, 18 particularly for patients with prolonged hospital stay or those admitted to intensive care where weight loss is common. We reported the last BMI recorded in hospital rather than self-reported values of weight and height to reduce systematic error and bias.
Strengths
The linked data upon which our study is based are extensive and high quality, representing a unique holding in the UK. They reflect real-world patient experience in a multicultural setting with mortality data derived from the Office of National Statistics death certification records. We had access to very detailed information with which to address case-mix including the nature of the admission and previous NHS admissions, diagnosis, prescribing test results and investigations, and social deprivation. In addition, there were few missing data for BMI and for other explanatory variables individually. We undertook extensive supportive/sensitivity analyses and all provided similar results for the relationship between BMI and the risk of death in follow-up.
Limitations
As an observational analysis, the study reflects the outcome for patients when they are discharged at a given BMI. It could be argued that the relationship between lower weight and higher mortality risk reflected severity of disease and weight loss during admission, with weight being a marker of severity or frailty, and not becoming 'otherwise ignorable' after conditioning in the full model. Nonetheless, our models provide little evidence of higher risk even for obese individuals. The median follow-up period for study participants was 3.1 years, so we were unable to assess whether a BMI value within the normal range was associated with accrued health benefits in Cardiovascular diseases the longer term. However, our objective was to determine whether aspirational BMI targets are justified for patients discharged from hospital; given that onequarter of these individuals will die within the three years following discharge from hospital.
In our study, the incompleteness in the blood tests variables depends on the unobserved values of the variables themselves. We excluded patients with missing data and this is likely to have excluded healthier patients because those who are less unwell have fewer clinical investigations. However, we argue that in our setting, conditional on the model's predictors, it is plausible to assume independence between the missingness and the outcome. Under this conditional independence assumption, White and Carlin 14 showed that complete records analysis delivers valid estimates of the regression coefficients. The robustness of our conclusions was corroborated by sensitivity analyses.
In conclusion, our study found no support for low, aspirational, BMIs among adult patients on discharge from hospital after a full admission. BMI below 25 kgm À2 was always associated with and increased risk of poor outcomes in our study, and for such patients adequate hospital nutrition should be ensured. 
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